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Background of the Invention 

Serine protases <5re v=3 subgroup of carbsny! hydrolases- They comprise a diverse 
class of enzymes having a wide range of spscifidties and biologicaf funcSions. Stroud, R, 
Sd, Amer .. 131 ■74-88, Despite their f unctionai diversity, ihe catalytic maohinen/ o? serif!" 
proteases has been -apoHiHched by a' least two genetscaOy distinct famsfses of er^i^ynujs: 1 ) 
the subtiii^ins, ond 2) ths n'sainmaiian chyoiotrypsin-fielated and homoiogotis bactenal serine 
proteases (e.g ., trypsin and S gfp^va^c tsypsif?). Thfese tw families of serine proteases 
show remafkabiy simfer mechanisfris of cataiysis. Kxml J, (137?). Anna, Rev. Bic^chsm. . 
46:331 -358. Furthem-sore. although the primary structure is ufirelated, the tertiary structure 
of these two enzyme families bfir^g together a conserved cstaJytic triad ef amino acids 
consisttf^g of serine, histidlne and aspartate. 

SubiiifsSns are serine proteases (approx . UW 37,500) which are secreted in targe 
amounts from a wide variety of B&cBm species and other mk;roorgamsms. The protein 
sequence of subttiisin has been determined from at ieast nif^e different species of Baciilva 
Markiand: F.S., et a!. {19S3), Hoope-Sev le r's Z. Phvsioi. Chem. . 3S4;1 637-1 S40. The three- 
dimensierisi orystaiiograptiic steture of subtiilsif^s from 8ac/te amyMquBfacmns> Baciilas 
Hchmifo}imm and several nalurai variar^ts of S. S&rtius have beef> repotted. These studies 
indicate that a^hough subtlHsin is geneticaliy unrelated to the mammaiien ser-ne proteases, 
it hss a sin^iiar active site structure. The >J-ray crystal structures of subtilisin contamirig 
cov.=3i8r:t;v oound peptide innibitofs (Robertus, J,D . ei al. (1972). Biochemistry , 11;2439- 
2449) or product co^v)ptex^^s (Robeslus, J.D.. et ai. ;19?6), J. S^oi Chem. . 251 1097-1103) 
have sIsD provid&d snformstson regatxljfjg the active Me and put^itive subvStrste bindirig deM 
of subt!:i-::!n. in additioi->. a iarg e nunitser of KsnetiC and ciiemicai modificetion studies, insve 
i:iiss;n reponed for suDtiiisin ; Svendsen, 8, (19?6). C 3 ri aber< 3 Res, C om sy u n . . 41,23?-291, 
Maftiand, F.S. id.} wsi! as at isast one !-e.oort wiK^rysr^ the s!de chain fTie-thionsne at 
residue 222 of suDfiiisin was corivened by hydrogen oei'oxide to n^ethionine-suifoxide 
(Stauffer. D.C , et ai. (1%5). J...B!QL..Q.fl.t.fD...> 244:5333-5338) arsd extensive slte-specific 
mutagenesis has been carried out (Wells and EsteSi (1988) TIBS 13;291 -297) 


It fs an object hemn to provide a protease vanant Ci^ntasning a sub'^t'ti am o* an 
amino aad at one or more residue positions aquivaieit *o re^sdue positions eUod from 
the group consisting of S, 7, 23 26 28 31, 34, 4 ^ 63 6ij 66 69 TO, 73 82 ^ 85 38 90 
9? 93 ^06 1^3 125 138 139 148-1S1, 176, 178 179 193 "96 20C.201 202 20? 219 
220 223 229 233 250 266 2B7 Bnti 273 of Bacdm smyloliqumct^n^ % iWmn 

A protease variant is descnbed compnssng an ammo aad sequence having a 
substitution at one or more residue positions equivalent to ressdua positions solectscs 
^■'cm *he c'ouD consistiia of 7 2^^ ?6 28 29 ^0 ^1 4? 68 69 73 S;? 65 88 90 

^ ^ f i 1 s i ) )v 3run c I 3H ! cM ^ at If'^ast 

c e '""prwctl prop~ft> r^eue'''? ris ^ i ved iSU*. ^sh oer^ n i i il ' i 
<^ -> com i,t,d to tf t 'i- ixoe r or e wiT bo6,n Bit the p{Ot€»i>o to w i ^cse sants ss, 
c"inDar«>d 's the j(,!id~tyoe OG36 (SFO 10 NO 6) The improved stability can be 
improved thermostability. 

The protease variants s^n be seiected from at least one position equivalent 
to 7f4, 23A, 26S, 26T,28C, 28G, 2SS, 281. 29G, 30A 31 A, 311 31T 31V 470 
eSM 68D 66E 730. T3T, S2R 860, 85G, 858 86t, 8$V, 85Y, 88S, 901, BOM, 
92t 92R, 93A 93G. 93T, 106D, 10$E 105G. 106R 11 3D. 130A. HBG 
USA 149F 149G, 149H t49S, 149W. 150A. 150C 1S0f . 1501, 151V. 1708. 
rac rei 20ir. 231G, 231s, 2330, 233V, 287R, 2671. 273$ of Baam 
amv^oisquefacmns subtiissin, 

cen* qTi* cc v s-s * > to G t; ^ rr ^-s -5-^^ <sr,3 ..t \%<^''t,i i a «f 5.<.j> (.oi dit ons 

f ^v>f^ a bv.b^jttUiOio'a s a^^^cn* rv'^cJi <.qivJe"! 0 ' 4" 8"^ 2 ""'^ ''13 
u» 14" > ^ 1"^ A^^ "i 1 !• I Oit=>!ch i "^e subcautioi'- a t, 

s-sei *c.- frc n the vjrvUp ( f sk< ngo\'^'\ 4 S dn 65G 90V 92E 105D 
105r M3D 148^ 1t?1V i74G 1^48 200S 3na-^«MC 

I he proteas^f* vdf s^itt icJo <«bo havi? irt^provcd wabH peifofriiance at <iboul 4i 
aegsfees centigrade at a protease conce^itration of 0 3-0 5 ppm protease and at 


Th6 prote0s© vafissnt of havir>g irnpfovod w3Sh p^srforfr^ance undsr th©S6 conditions 
comprises a sub$titulion at one or more positions equivaient to to 31, 69, 82, 148, 
201, 203, 231, 233, 25B. 267 and 27{: c4 Sacte am>--7o/kT«e^^^^^^^ 
These protease vanarns can compnse at least one subsliiution at one or more 
positions equivalent to 31 , 69. S2. 148. 201 , 231 , 233 and 237 of Bacillus 
smyloiiquefBcmns sut>iHisln iS seiected from the group of 311, 31V, 69G, B2R, 148G, 
201S. 231 Vi 2330 artd 267R. 


i oe piGsease vananx ot cjaniT! i , woerein saip variani nas imprDveg wasn 
performar^oe at about 10 degree$ to about 30 degrees Gentlgrade, at a 
cGoc^nlFation of 1v0 pptn prot0^s€i and at wat^r hardni©$s conditions of about 6 
gfsins pBT gallon iTslxsd Ca2*/Mig2'f haixSnsss (North Amencan conditions), Thss© 
protease variants comprise a substitution at one or more positions equivalent to 61 , 
66, 105, 203 and 258 ot BacJIkm amyhliqa&fadens subliiisin. These at less! one 
substitution at one or more positions equivalent to 61, 66, 105. 203, 216 and 258 of 
Baclllas BmyhUqoBfad^ns subtiiisin can be selected from the group of eiE, 66D, 
1D5D, 106E. 203D, 203E, 216E and 2§BE. 


It is a further object to provide DNA s 
s expression vectors containing such v 
miii turtner, anotner oojeci ot tne invention !S to provioa nosi ceiSs iran^Tormeci wiin 

Th©r® is further provided a cieaningi coftsposition cowprislng a proteas© variant of 

variant of t??^ 


Aiso provided is a composition for the t) 
it of the p 


Figs. tA-C dapiot tfte DNA (SEQ ID NO;1) end anfiino acid sequences (SEO ID 


Fig. 2 duplets til© cOnsefved sitiliio acid residi^s aniong sufetslislns froRT BscMius 

figs. M and 3B dejslcSih^ amino acid seqyenc© of fdur subfiSi^ins, Th^ toplin^ 
rspreseifits tb© afBsno ■acid seSiusne© Qf sub^iilsin fronfi BscM^s 6fT?)#//i|y0f9ci^^^ 
(also softiMimes ml^rm to ^ subtife BPN'i(S££3 iD NO-3), m line depicts iri© 
amino acid se<^y©hcs of subltiisin fmrn B^dHm subtM (SEQ !D NG:4). TM thir a ii«8 
depicts INe amino add sequence (>immimirm 8 Jmmmmvs iSEQ ID NO;aj. The 
fourth titx& <i^^Gt$ the amino acid se^M«nc« of subtilisin from Bmikm tmfm (a!s« ffeferred 
te as subtilisin 309 in POT WOBWSrS) (SEO ID 1^0:6). im^rm *dimm&m 
absersc0 of spsdftc aifnino acid rssidues as co^npared to subtiilsifv BS^N', 

Fig 4 depicts the pVS&S a subtiiis sxpmssbn vactor. 

Fig. 5 dfepists the orisfitMioh of tN forward /sipa! primer, the mmm Ap&\ pmen ttee 
rsv^f sis mutagenic; pnnieff and ths forward mutagisnic pfifR^r, 



ff pH profile and/or perforfti^rtce ch^Fapl^f^tic a$ oostiipars^ 
t5 Which the amlno add sequence of the variant is 
1 protease var!ar?ts have an amino acid se<|uerice not found in 
nature, which is derived by substlMion of a plurality of amind acid r«$idues of s precursor 
protease with different amino aokJs, The procuf^or protease niiay tse a naturatly-occurriftg 
protease Of a recombinant proteass. 

The protease variants useful herein encompass the substitution of any of the 
■5sr)eteen naturaily occurring L-amino acids at the designated amino add residue position^. 
Suci^ substitutions can be made in any precursor subtilisin (procaryotic, eucaryotic, 
mammalian, etc). Tiiroisghout this application reference is made to various amino acids by 
way of common one - and three-letter codes. Such codes are Identified in Dale, IM.W. 
Molecular Genetics of Bacteria, John WsSey & Sons, Ltd., Appendix B, 


The protease variants useful herein are preferably derived from a SaaZ/us s 


Jbtitisi« 309. 

Subtsiisins are t^at^enai or fungai proteases which gerierally set to cleave peptide 
s bonds of proteins or peptides* As usee? hereiOi -'subtiHslrj" rne^ns a natyrgfiy-occurring 
subtilisin or a recombinant subtiSssn, A series of naturaiiy-occurring subtiiisins is known to 
be pfoducsd and often secreted by various nilcrobial species, Aniino acid se<|yences of ih& 
s of itiis series ere not entireiy hosnologouSv Howevef, the subtiiisins ifi tHls sefies 
it the ssingh Of siniitef typ© of proteoiytlc activity. Tbis class of senn© prot0a$^s s!i#re§ 
jcjuensa defining a cataiytic triad whicH di^tingtiishss thetT? f roriii tbfe 
ss of serine proteases. The sutetilisins and c 


the subtiilsin felated proteases the relative order of these aniino acids, reading frojn the 
a^lir^o to carboxy terniinus, is aspartate-titetidirje-ssrin©; if? the chyrDotrypsin relatsd 
proteases, th® reiative ©fd©r, howevsr, Is histidsn^aspafiate-serift^. Tbif&« subtsiisiii h 
refers to a sehne protease having, the cataiytiC: triad of subtiiisin reiated proteases. 
Exampiesiheiude but are hot limited to the siibtilisirts identified in Fig. 3 t 
shd for purposes of the present inventions niimbfering of the asnino acidS! in p 
corresponds to the numbers assigned to the mature BbcHIus sfuylolii^uBfBciQ 
A m Figurel, 

rtilism" or "recombinant protease* refer to a sifbtilisin or pi-btease In 
vsfhioh the DHA sec^uence er?^3dfng[ the subtiiisir^ or protease Is modified to produce a 
Mmmt (or mutant) DNA sequence which encodes the substitution, deletion or insertion of 
one or more amino acids in the naturalSy-occurring amino acid seque 
as to produce such modification, and which may be combined with those disdosed h 
include those disclosed in US Patent RE 34,606. US Patent S,204,01S and US Patent 
S,18&,2S8, U.S. Patent §,700,676. U,S, Patent 5,801,038, and U.S, Patent 5.763,257, 

"Non-human subtilisins" and the DNA erjcoding thetr? may be obtained from many 
procsfyotic and eucafyotic or9an!sms< Suitable examples of procsryotic orQantsms include 
se gram negative organisms such as £ aoii or Ps^udomonas and gram posslsve bacte? such 
as MsGtocoGCus or BscHlus, Examples of aucaryotic organisms from vwhich suttillsin and 
their genes n^ay be obtained include yeast such as Sacc/Jaromyces cer&visi&e, fungi such 

A "protease varsanf' has an amino acid seQuence which is derived from the amino 
acid sequence of a "precursor protease". The precursor proteases include naturally- 


OGcurrijig prot^ssss snd feccjitibinant pfotsasos. The aniino scid secjueno^ of proteass 
variant Is "dsrivsd" ftotn th© precursor proteass atrjino ac^d sscjusnco by th6 substitution, 
d^etetion or snssrtfon of on© of mors ajDino scids of the precursor arfsino scid ssQusncs. 
Such n^odificaUon is ofths ^'prscur&or DNA sss^uenc^*' which encodes th® amino acid 
s6C3U©nc6 of th6 precursor pfoteas© rathsr than nianipulatiof^ csf tts'S prscursor pfotease 
eiizysns p8f Suitabie rnfethods for such fD^nipylstson of the prooursor DNA S6<5U©ne© 
mclude methods disclosed hmein, as mW as methods i<nQwn to thorn sksiied in the ait (see. 
for example, EP 0 328299. WO89/0627& and the US patents and appllcatiORS already 
fefefsrjced hsrsfn). 

Specific substitutiofts of afnino aoids at one ot ft^or® residue petitions ooi^ivaient fo 
residue positions seiected from the group consisting of 1 , S, 7, 8. 12. 23, 24, 26, 28-31 , 
34, 38. 43. 47. 50, 52, S7, 63, 65, 66. 69, 70, 72, 73, 73, 82 - 85. 86, 88, 89, 80. 92. 93. 99. 
103, IQS, 113, 114, 116, 117. lis, 121, 125, 136, 138, 142, 146, 14T-1S1, 172, 174, 
176, 177, 178. 179. 193, 196. 198, 199, 200, 201, 202. 203. 204. 206. 207, 218, 219, 220. ~ 
223. 228. 229, 231, 232. 233, 250, 262, 2S8, 263, 254. 266. 267. 270 and 273 diSaciifus 

Specific substitutions df ^mlno adds at one or more residue positfohs ^^uivalent to 
A1E, A1D. AIR. A1K, W6R, 67N, Q12H. G23A, F34S, V26S. V26T, V28C, V2$S, V28T, 
MSG. V30A, L31A, L31!. L31T. L31V, T38S. M43D. G47D. i347S, ISOR G62S. TS7A. 
G65M. T86D. T66E, G69„. I72C. i72.L, 172V, A731, A73G, A73T, A73V. L82R. A8SD, 
A8SG, A85L, A8§$, ASSV, ASSY. mO, AS8S, £890, L90A, l.90f, mu, tSOV, A92E. 
A92R, V93A, V93G, VSSi, V93S. V93T, S99G. SI Q3C, SI Q6D, S105E. S1G5G, S105R. 
W113D, A114C, A114G, A114S, A114T, N116D, N117S, M119A. ^1190, M119F, M119G, 
M119S, M119T. yilSV, Ht20R, Q12lt G127A, S128D, S128L E136R, V139A, A142E, 
R145G, V147C, V14TG. V1471. V147S, L148G, 1148W. V149A, V149F, V149G, V149H. 
V149S, V149W, V150A. V150C, V150F, V150L. A1S1V. SISSE. S156D, A169G. R170M, 
A172T, A174G, A174S, A174T, <317SC. 0178L. 0178S, imk, 11961. \mU, 1196V, 
hSST, M199V, A200S, P201C. P201S. V203R, V203D, V203E, WOSL, V203S. N204D. 
a206R, S216D, N218S. S216E, S2ieR, A231G. A231S, A232C, A232G, A232i, A232L, 
A232M. A232N, A231V. A232T. A232V. A2S2S, t233G. t233V. i246y. l24gV. R247C, 
N2S2S, S2S6G, T2S3D. T263£, T2S3K, T2S3R. 026SD, G2S8e, G258K, 0258R. y263H, 
G264S, L267I, L267R. ,A270l, A270V. A273S. T260A in Bmillus Imtus /using BPH' 
numbering). Specific comt^inations of amino acids having at least the combinations V26S / 
N218S; 069 /Q12R; L90V / N204D; V93A / S103C; V93T / E136G; V139A / V150A; A142E 
/ e89G: L148G / F24S; V149S / Q12H; V150A / T38S; V1S0C / N218S; A174G / N204D; 


A174S / GSae / A172T: G1?SC / N43D: / V93!; i1§8V / V30A; A200S / N204D; 
P201 S / L50F; P201 S / T67A: A231G / Ml 19V; A232! / A108V; A231 V / O206R:. A232M / 
N116D; A232M / I16D; G264S / R145G. L267I / Y263H; L267R / S99G; L267R / N2S2S; 
A270V / E136R; and A172T / Air4S / GS2B m Bstcilim hntm (using 8PH' numbering). 

Specific substitutions of amino acids at om or more residue positions equivalent to 
residue positions seiected from the group consisting of 1. 14, 31, 61 , 82, 92, 203, 233, 253, 
258, 2S7and 270 of B^iHtus amytoliqmfBCiens subtiiisin are idefitified herein as providing 
improved wasii performsncs ur^dor European wash oonditions. Specific substitutions of 
amino acids at one or more residue positions corresponding to these positions are 
doscrifeed ir^ th© £xan)pieSi 

Specific substitutions of amino acids at one or more residue positions equivalent to 
residue positions seiected from the group consisting of 1 , 31 , 47, 6i , 66, 85, 86, 88, 92, 
105, 113, 148, 14a 1§1, 201, 203, 216, 253, and 258 0f mmos 3 



nesidue positions selected from the group consisting of 7, S, 23, 26, 28-31 , 65, 70, 72, 73, 
S&, Se, 88, 90. 93, 114, 119, 147-150, 177, 178, 188, 203, 228, 231, 232, 246 and 273 of 



of s pfecursof protease is equivaient to a residue of 
if it \& either homologous (i.e., cojresponding in position 
to a specific residue or portion of that 


residue in Baams amym^&f&^mmibmm (U. , fmm^ ^^^^^^^^^^^^ 
capaeity to coniDsRs, reacij or jmeraci cnemicaisyj, 

in order to estabHsh horsioiogy to primary structure, the arnfeo acitl sequence of a 
preciufsor prote^fe i$ d'fred^^ sornparM ths Ba0im 0friyioitq0f0i0mmbM&ln piimary 
sequence and partieularly tb a set of residues m&wn to be mvaflam in subiisbs ler wbieh 
secjuence is known. For ©xsnipS©, Ffg, 2 herein shows tHe cssns^ived i^ssdues as between 
B Bmvlt^itiUBfsci&nB subtHfsin and B i&ntus suMiiisin Afte^ ateirsa the conserved 
resicl$ie$, albwifig fer hecessafy Insertions and dfefetions in order to maintart allgr^rt^ent (ie.^ 
avoicisng the eiirBination of cor^se^ved rasidues through arfoH:rani? deietloR and insertion), the 
residues «c|U!vater^ to p^riicufgr amine acids ih the primaiv sequence Qf Bspilim 
^wyf6ii^UBi$Gi0n& subtil sSiir? are defined, Aiignnlent of oonserv^ r^slciu^s prgfterab!]!? should 
coriserye 100% of such resiiSues, However, alignnfjent of greater than 88%, 9S%, 
$m, m% , 75% 70%, Bim or at ieast4S% of conserved residues 1$ aiso adeq*^ to 
define esjUivaSeht resyu^. Ccsnservatlon of the cataiytic trfsd, Aspa2:?H!s64^Se^21 shouid 
he maintsM. Siesen et ai. Fmteialn^ of a 

large rtymoer or eenne preieases- oiezen @i ai, rerer lo sne g^vvipfng as sumjiases or 


For e>tampie/in Fig. 3, the 



tess£lue§ cbfttair^d in e^sii secjuehce. These conserved residues (as fa^hiveeh SF'l^' ^nd B. 
/efi^«s) are identified in Fig. 1 

"fhese Gor^ssn^d residues, thus, rrtay be used to define Ihit coifesponding 
equlvaient amino acid rfesidiies oi Bmllius emy/##e/ac/e«s sijbtllis^^^ in other suJstilisins 

(PGT Pubiicatidh m. W89/0627$ pufoiished July 13, 


0 328 m whichishigNy hdmoiogous td the mMB&dfiumtm&mmr^. The 
ubtliisins are ailgjied ih Figs, SA and 3B with the 
jfliisin t(S produce the n^axiiriufTi homoiogy of 
corvsTOd residues. As can b^^en, there are a numhfe^of deletions in the sequence of 
B&ciUus iBMus^^ cdrhpared to Sac#/t/s Bifiyioik^u^MciiBtis iuhtjiisin, Tiiii^, for e>£afnp!e, the 

suDiijissris fs teoieuane ror £3. mmusn anao, sivrmfmoimis 


wo mimim) 


'Ecfyivalsnt f^siduss" fn<sy also bs d^fsngd by dstsn^tisiing horvioiogy at th© tevsS of 
tertiary structure for a precursor protease whose tertiary structure has been determined by 
x-rsy cs"ystsSlogfaphy- Es^^'^®^®^^ f^siduss at© d^finsd 3$ thoss for whidi the atornsc 
coordinates of two or more of the main chain atoms of a particular amino acid residue of the 
precuj^or protease and S&cliiuB amyloiiqaefaGmns subtillsin (N on H, OA on CA< C an C and 
O on O) are within 0.1 3nm and prefembiy 0.1 after aSignment, Alignment Is aetiieved 
after the best model has been onenled artd posttioned to give the maximum overlap of 
atomic coordfnates of non-hydrcsgen protein atoms of the protease in question to the 
>l!(immm$ &mmn. The best mpdes ie the c 
stR factor f 


Rjacior 


If to a specific residue of Bacm$ 
1 are defined as those amino assds of the precursor protease 
whfch may adopt a conforrtiation $uch thst they either aiter; modify or contribute to protein 
structure, substfate bsndir^g or cataiysis in a manner defined and attributed to a specific 
residue of BbcIHus 8!7iyio{i<^iiBfBCiBns subtilisin. Further, they are those residues of the 
precursor protease {for whieh a tertiary structuhe has been obtained by x^ray 
csystalic^raphy) which occupy an analogous position to the extent that, although the main 
chain atorns of the Qiven residue may not satisfy the critena of ecfuivaience on the fcsasis of 
occupying a homoiogous posite, the atomic coordinates of at least two of the side chairs 
atoms of the residue lie with 0,t3nm of it^e corresponding side chain atoms of Bacillus 

The coordinates of the three dimahsicifiai struptufe of Bmtlfus 
n are sat forth in EPO Publication iSlo, 0 2S1 446 (equiyaient to 
US Patent 5,182,204, the disclosure of which Is incorporated herein by reference) and can 
g to determine ecjulvaient residues on the !es?©i of t^ 


oth©i^ are not. In fee case of residues which are not conserved, the substitution of one or 
more amino acids Is limited to substitutions which produce a variant which has an amino 
acid sequence that does not correspond to one found in nature, in the case of consen/ed 
residues, such substitutions should not resuit in a naturaily-occurr^ng sequence. The 
protease variants of the present invention include the mature -forms of protease variants, as 


PCI 'I S<M-'»144'' 


-10 . 


as the pro- snd prepro-forms of such protease variants. The prepro-fomis are the 

3s {his facj!it3tes ths sxpressisn^ secretion snd iT33ty ration of th^e 


"Prosec^y^nce" refsfs to a sec^uenoe of Sfnfno acids bound to the N-tsrrRins! portion 
s of the matum form of a protease which when removed results in the Bppe&rmce of the 
1 of the protease. Mmy proteolytic enzymes grs found in nature as 
proenxyjrts produces and, in the sisssfic© of post^rsfislstionsl processirigj ^r©; 
expresses! In this fashion; A preferred pr9se<|uence for produesng protease variants is the 
putative prssequence of Bacii 


A "signai se<^iience" or "prese<|uence" refers to any sec^uence of airssno acids hound 
to the N-terminai portion of a protease or to the N-terminai portion of a proprote^se which 
fnay participstfe in the secretion of the ft^ature or pro forrns of the protease^ This definition 
of signa! sequence is a functional one, meant to Include all those ai^iino acid sequences 
encoded fey the N-feriTiinal portion of the protess^ gen© whidh participate in the e^eduatlon 
of the secretion of protease urider native conditions. The present invention utilises soch 
sec^uences to effect the secretion of the protease variants as defined herein. One possible 
signal; eequenci^ comprises the first seven ajTJino eosd residues of ti^e signs! setjueno^ frow 
BsiCiUus stibMs subtilisln fused to the remainder of the signal secjiienGe of the subtiilsin from 
Bamus hmmXATm 21536). 

A ''prepro" form of a protease variant oonsist§ of the mature fomi of th^ protease 
having a presequenca operably linked to the amino terminus of the protease and a "pre" or 
operabiy iinked tothe a?Tiinofe?winus of the prosecjuence. 
fj vector" refers to a DNA construct contaimng ^mA t0qmnm >?MQh is 
i to a suitable controi sec|uence capable of effecting the expression df s^id 
DNA In a suitable host. Such controi sec{uences include a promoter to effect transor^ption: 


ss operably linked t 


fY^RNA ribosome tjinding sites and sec|uences whs^ controi termination of transcoption and 
translation. The vector may be a plastttldi a phags psrticle, or simply a potentiaS 0er?ornlc 

39 insert. Once transformed Into a suitable host, the vector may repricats snd Junction 
independently of the host genome, or may, in some instences, imeg? ate into the genome 
Itself, in the present specification, '^plasmid" and "vector" are sometimes used 
ioterchangeat^^y es the piasmid is the most corRmonly used form of vector at present 
Howevefi the ir^vention is intesided to include such other forrns of e 

ss serve e<^yiva!ent functions end which are, or become, known in the art> 
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The "host ceNs" used in the present invention generally are procaryotic or eucas^otic 
hcjsts which preferably have been manipuSsted by the methods disclosed sn US Patent RE 
3^,806 snd/or 5,441 .882 to render them incapable of secreting enzymaticaify active 
endoprotease. A host ceil useCul for expressir^g protease i^ tho BacMus strain 8G2036 
which is deficient \t\ enzyfi^sticaiiy sctive neutraS protease and alkaline proteas® (subtiiisin). 
The construction of strain BG203a is describe in detail in US Patent 5,264,366 ahgr host 
cells for expressing protease include BacS^us sMs !168 {also described in US Patent RE 
34,606; US Patent 5,264,366: and 5,441,882. the disclosure of which are ificorporsted 
hereir^ by reference), as weSi ar^y suitable B§c;?/ys strein such as &. iiGl^&nifofft^ls, B< 
l&Mu$i etc. A psrticuiarSy useful host eeii is tt^e Baollus strain BG2864. The construction of 
strain 8G2864 is dlescnbed in detai! In D. Naki. C, Paech, G. Ganshaw. V. Scheiienberger, 
Appi Miadtsioi eiotechhol (1998) 49:290-294. 


DNA 


d host celis are capable of either replicating 


s of vectors which ervcode ths pre- or pfepro-forni of th® protease variant, such vanants, 
in expressed, are typicaiiy secreted from tlie host ceil into the hosi ceil medium. 
"Opferabiy linked, " when deschbing the relationship b^ween tvs?o DMA regions. 


d to a peptide If it fui^ctions ss a signa! sequence, p^rti^^pating in the 
secretion of the rtiatur® f orm of the protein most probably trtvolving cleavage of the signal 
sequence. A promoter is operafely ImKesd to a coding secfiierice if it cor^t^ols the transcnption 
of the sequence; a rlbosome binding site is operably iinked to a coding sequence if st is 
posiiffined so as to permit transiation. 

The genes encodlrjg the f^aturslly^occuffir^g prectirsor protease may be obtained In 
ascord wfth the generai methods isnown to those skllied in the art. The fr^ethods genet^lly 
3 putative seciueneea encoding regions of the 


and screening the libraries for the gene of interest tsy hybridfeatlon to the probes. Positively 


The cloned protease is then used to transform a host cell in order to express the 
3se. The protease gene is then ligated Into a high copy nurtiber ptasrnid. This p!as!t>id 
s in hosts in the sense that it contains the weil-kno 
latfon; a pror«cter cperably iinked to the gem in q 
supplied ae ths gene's own homologous prof?ioter if it is recogrjized, i.e., transcribed, by the 


host)i 8 Irsfiscriptson tsrrnsRstiQn 3nd polys<S©ny!3tion rsgion (nscessary for st3biiity of th6 
fnRNA transcribed by the host ffofvs the pfotesss gene fn certain eucaryotic host ceils) wHich 
is exogenous or is supplied by the endogerious terminator region of the protease gen« and, 
desirabiy, a seiection gene such as an mimUc resistance gene that enables continuous 
cultufai fnaintenance of pissmicf-rsnfected hc^t celis by growth sn ^ntiblotic-^oritsirsir^g mecSia. 
High copy nyrnfoei' piasniids siso contain ars origin of r^piieatiors lor the host ther^fejy 
er^abiing large numbefs of pi^mids to be generated in the cytoplasm without chfornossjrr'ssi 
iimitations. However, it is within the scope herein to Integrate muitipie copies of the 


protease gene into host genomo. This is fadiilatsd by procaryotic ^nd eucaryotic 
organisms which are particuiariy susceptible to homotogous feasmbihatidn. 

The gene can be a neturai S. I&iitus gene. Alternatively, s synthetic gene encodifsg 
a fiatoraiiy-occuffing or mutar^t preoiarsor protease may b&pro^am^- In such art approach, 


the DfIA and/or amino add seguer^ce of the precursor protease is detenrjined, i^tuMiple, 
overiapping synthetic singie-strandesl DMA fragments are thereafter synthesixed.. which 
upon tiybridrsation and ligation produce a synthetic DHA encodsrtg the precursor protease. 
An example of synthetic gene construction is $et forth in Example 3 of US Patent 5,204,015, 
thfe disotc^ure of which Is incorporated herein by reference. 

Once the riaturaNy-occurnng or synthetic precursor protease gene has been cloned > 
a number of rnodificalions are undertaken to enhance the use of the gene beyond synthesis 
of the natufaliy-ocourr'ing precursor protease: Such modifioations include the production of 
recombinant proteases as disclosed in US Patent RE 34,606 and EPG Publication Ho, 0 
261 446 and the production of protease variants described herein. 

The foUowin^ cassette mi^ag^nesis method may be used to faoilHiate the 
constnicSion of the protease variants of the present invention, although othef methods may 
^ used. Fifstj the naturally-occufring gene encoding the protease is obtained and 
^eguenoad in whole or in pa?t. Then the sequence ^ scanned fef a point st v>fhich it is 
desii^ to make a mutation {deletion, insertion or substitution) of one or i^;cre arnsno acids 
in the encoded enzynie. The ses^uences fianking this point are evaluated for the pfesence 
of restriction Sites for repSacing a short segment of the gene with an oligonucieo^de pool 
vst^ich wher> exp.ressed wiil encode various mutants. Such restriction sites are preferably 
unique sites within the protease gene so as to facilitate the replacement of the gene 
segment. However, any convensent resinctson site which is not overly redundant in the 
ptstease gene may be used, provided the gene fragrnents generated by restriction digestion 
can be reassembled in proper sequence. If restriction sites are not present at locations 
within a convenient distance from the selected pomt (from 10 to 15 nucleotides), such sites 


wo mimim) 


are generated by substituting nucleotides sn the gene In such a fashion that neither- the 
reading frame nor the amino acids encoded are changed in the finai construction, Mutation 
of the gene irs order to change its sequence to conform to the desired sequence is 
accornplsshsd by M13 prinief exten&ion: in sccord with QenefSHy known rnethods. The tssk 
of locating suifabie fianklng regions and evaluating the needed changes to arrive at two 
convenient restriction site sequences is made routine by the redundancy of the genetic 
codes B re^trlctlofi en^yftie msp of the gene and the iarge numi^er of different fe^triction 
erixymes. Note that if a convenient flanking festfictton site Is available, the atjove method 
need be used only In connection wjth the flianking region which dws not contain a site. 
Once the natumiiy-occurrinQ DHA or synthetic DNA is doned, the restriction sites 
s to t® mutated are ci 


The mutagenesis is simplified by thrs method because ai! of the oSigonucieotides can be 


As used herein, proteotytio activity is defined as the rate of hydrolysis of peptide 
bonds per milllgrafn of 

proteolytic activity (K, Katis^E, "Microbial Protfeinases," 

[, A. Reenter ed,. 19SS). In addition to or as an alternative to 
& of the prssent inverttion may have otli€ 
s mch as K^, k^,, iWK^ r^tio and/or modified substrate sp 
modified pH activity profile. These enzymes can be tailored for the particular 
whsch is antlcioated to be presenti for example, in ttie preparation of 


example thermostability, is an aspect which could be accomplished by 
the protease vanent de&cHbed in the examples The stabsiity may be enhanced or 
diminished as ss dessred for vafious uses. Enhanced staD^iitv could b« el^ected by 
suisststuticrt one or more residues identified in the present application ar^d^ optionaiiy, 
Siitsstttuting another amino acid residue not one of the same. Thermostability is niaintaining 
enKymatsc acitivty overtime at a given temperature. An improved thermostability involves 
the mssntsnsnce of a greater amounl of ensyniatic acitivity by the variarst &s con^pared to 
the precursor protease. For example, an increased level of enzymatic activity of ti^e variant 
as compared to the precursor at a givsfl tsmpemture. typically the operation temperature of 


wo mummi 


in on^ sspsct of the invsntiOii. th^ objsctiv® is to s^cufs s variant protess© having 
altered, pfsfsrabiy Ifriprov^d wash peff{M"oianc6 ss cofY^psrsd to s prscursos' proteose in 
i©3st on0 dstsfgent foffnuistlon snd of undsr st teast ons sst of wash conditions, 

Thfer^ is 8 vansty of wash conditions ijiduding vsfying detergent formuiafens. wash 
W0t©r voiufj^6, wssn wstsr tsfj^psraturs snd isngth of wash tiiTjfe thst a prols^s© vsrisrst 
might b& exposed to. For ©xanipt^i detergent lorrnuiations us6d in different afoss h3V0 
diff^refit eone^ntfations of their f®!evasit conif3onsfi{§ jsressnt in the wash watof . For 
exampie. a European detergent typicalSy has about 3000-8000 ppm of detergent 
components in me wash water whsie a Japanese detergent typScalSy has iess than 800. for 
exarrspte 66T ppm of detergefit coniponents In the wesfr water; In North Amencai 
particularly the United States, a detergent typieaiiy has about 800 to 2000,. for example 075 
1 of detergent components present in the w 



mi 


ppm of detergent compssnente present in the wssh water. 

A medlun^ detergent concentration includes detergents where between about 800 
pprn end about 2G00pprn of detergent components ere present in the wash water. North 
Af^Rerican detergerjtS: are generafiy oonsidered to be rr^edium detergent corjcer^r^tton 
systems as they have approximately 975 ppm of detergent components present Jn the wash 
wster. Bra^i typisaliy ti^s spproxiftjeteiy 1500 pprn of determent components present in the 


A high detergent ooncentratlon s 
about 28^0 ppm of detergent comf:s>nents are preserst in the wash water. European 
detergents are generaSiy considered to be hlQh deterger^t concentration systems as tfi 
have approximately 3000*8000 ppm of detergent components in the wash water. 


the range of detergents used in Latin America can faii in both the medium and high 
detergent concentrations as they range from 1SO0 ppm to 6SS0 ppm of detergent 


15DD ppm of 


it in the wssh water. Hdwe^r, dti^f 
i, not Nmited to other Ls 
may have high detergent concentration systems up to about 6000 ppm of 
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In light of the foregoing, it is evident that concentrations of detergent compositions in 
typical wash solutions throughout the world varies from less than about 800 ppm of 
d©tef9®nt con^position (' low cietsrg&rit concsrttratiori geographies' ), for ©xsfnp!® about 667 
ppm in Japan, to between about 800 ppm to about 2DS0 ppm fmedium detergent 
concentration geographies"), for example about 975 ppm in U.S. and about 1500 ppm in 
Brazil, to gmmr than sbout 2000 ppm fhigh detergent cor^centration geographies"), for 
example about 3000 ppm to about SOCK) ppm in Europe and about 6000 ppm in high suds 


The cortcentrations of the typical wash soiutiens are cjetermlnecJ ernpiocaliy. f^or 
example, in the U.S.. a typical washing machine hetds a volume of about 64.4 L of wash 
solution. Accordtngiy, in order to obtain a concentration of atjout 975 ppm of detergent 
within the wash solution about 62.70 g of detergent composition must be added to the 64.4 
L of wash solution. This amount Is the epical amount measured Into ths wash wster by the 
consumer using the measuring cup provided with the detergent 

M a further example, different geographies use different wash temperatures. The 
temperature of the wash water In Jaj^n is typicaliy less than that used in Europe. For 
example, the temperature of the wash water in North America and Japan can be between 
1 0 and 30 degrees centigrade, for example about 20 degrees C, whereas the temperature 
of wash water in Europe is typically between 30 and 50 degrees centigrade, for example 
about 40 degrees e. 

As a further example, different geographies may have different water hardness. 
Water hardness is typically described as grains per gallon mixed Ca^VWg**. Hardness Is a 
measure of the amount of calcium (Ca^*) and magnesium (Mg^*) in the water, ^oet water in 
the United States Is hard, but the degree of hardness varies, feloderately hard {S0--120 ppm) 
to hard (121-181 ppm) water has 60 to 18t parts per million [parts per million converted to 
grains per U.S. gallon is ppm^^^i^^ by 17,1 equals grains per galion] of hardness 





p- 

less thar> 1,0 

less than 1- 

piSiyha^ 

1.0 to 3,5 

17 ^ 

Moderately hard 

3 .5 to ? 0 

60 to ISO 1 

jHSrd"-^^ 

7.0 to 10.5 

120 to ISO \ 

ye^^ha^d- 

greater than 10.5 

gWthan"{i5— 1. 


s is typicsiiysf^atef rhan 10.5 (forexamp!© 10.5-20.0) gmim per 
El Cs'^mg"" , fof example about 15 grains per gaiion mixed Ob^Mq^* . Nosth 
is iypicsliy gfsstsr than Japanese water hardness, tsut Isss thain 
For exan^pl^i North Aft^srio^}^ wst^r I^SKSness csn fes belw©!&rt 3 
lolO grains. 3^8 grains or about 6 sratns. Japanese t 
than North Amencan water hardness, typicaiiy less than 4. for example 3 g 
mixed Ca^/yg^*, 

^ Off the preserit invention irsc!) 
© in at ieastsne set of wash c 
of the present irsvention sncfijdes a pfoteas® vanant that shows improved vs 
in at least tvsfo sets of wash conditions, 

\n another aspect of the invsfition, it has been determir)ed that niodifscation at one or 
more fssidu© positions, for ^starr^pie by sut>stitt4ion, insertion or dstetion of an aJTiino acid 
equivateiit to residue fxjsitions selected from the group oonsistir^ of S< 7, 23, 26, 28"31 , 34, 
47, 63, 65, 66, 69, 70, 73, S2 - 85i 86, 88, 90, 92, 93; 105, 113, 125, 138; 139, 148^1 
176. 178, 179, 193, 196. 200, 201, 202, 203, 207. 21S, 220, 223, 22&. 233, 250, 253. 266. 
267, 270 and 273 of BsdHus amyhliquefscssns subtilisln are Important In improving the 
wash performance of the enzyme. The amino acids sydstituted, inserted or deleted 
contempieted by the inver^tors include, but ans not limfted to aianirte (Ala or A)i arginine 
{Arg or R). aspartic acid (Asp or D), asparaglnes <Asn or N), cysteine {Cys or C), glutamic 
acid (Glu Of E), glutamine (Oln or 0). glycine (Giy or G), histidine (His or H), isoieudne (iso 
or !), ieucine (Leu or L), iyslne (Lys or K). methionine (Met or U), phenylalanine (Phe or F). 
proime (Pro or P), serine (Ser or S), threonine (Thr or T), tryptophane {Trp or W), tyrosine 
(Tyr or yyartd/or valine <Val Of V). 

One aspect of the present Invention includes a protease variant further cofTspri&ing at 
il replaced amino acid M one or more residue positions ecjuivBient to 

roup consisting of 6, 9, 1 1-12, 19, 75, 37-38, 64-59 
68, 71, 89. 111, 115, 120. 121-122. 140, 175, 180. 182, 186. 187, 191, 194, 19S, 226 234- 
238, 2^1, 260-262, 266, 268, 75, 129. 131 136. 1SS. 164. 165. 167, =70. 19^, 195, 27, 
36, 57, 76, 97, 101. 104. 120. 123. 206. 216. 222, 224, 235, 274, 2, 3. 4, 10. 15. 1T 20 40, 
44, 61, 52. 60, 91, 108. 112. 133. 134. 143, 144, 146, 146, 173, 211, 212, 239. 240. 242, 
243, 245, 252. 255. 257. 259, 263. 269. 163, 184, 18S, 192, 209. 210, 18. 117, 137, and 
244 of Ssctos BitiyioliQU&fBciBus. Specific residues contertiplated isy the inventors include 
those equivaient to : I122A, Y196E. iV!222A, m222S. Y1S7A, R170S. A194P, D36. N76D, 
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Hi 200. G19SE, and K235H oi Bacillus amyfoliquefaciens. which variant is dorived from a 
BaciHus subtijisin. Those skiiled in the art wli! recognise the protease variants having these 
mfadSfications cars m mada and are described in US Patents SJ41,694; 6,190,900; and 
6,197.S67» expressly incorporated by reference xhamsn, 

Stiil another aspect of the present invention includes a protease vanarit lurther 
comprising at least additions! fepiacsd amino acsd at one or nsore aquivaiu-f-t fesiOue 
poi:-^lbns from the group cunss-Jtirg oi 12, 271, 204, U)S. '36, 1^0, SS, £4. 3o, 518. ?> 172 4'^, 
S3, 30. 50. 5? 119. 108 205, 16. 145, 263, 99, 252, 136, 32, -SSS, n>i, 222, lofs, 64, 33. 169, 
183. 217, 157. 156. 151?, ?1, 24. 30, 77, S?, 94, 9,5, SB, 110. 107 204 107. 170, 171, 
213. 07, 535, 97. 126, 127 12B, 129, 2"4, 2-5, 50. 124, 123 or 27>i 
a!r}\!ohqueiaaens Scccrsc .is.-s^^. oort^^-c ,5i--'.'i r-s r-venx-fs ;n-;-.idde, Y217L. K27R, 
V104Y, N123S, T;?74A, N?6D, SIGSA, V104I, SIOlG, SIQSA, V104I, G1S9D, A232V, 023eH, 
Q245R, M248D, ^4262K UBO, Mt24 and M222S . Additiona! specific residues contemplated by 
the inventors indude those equlvaieni to : QiaR, M204D, S103C, £1368, V150A, E89G, 

Fa4S, T38S, mmS. GSSE, AITST, f^430, V83f, V30A, L50F, T57A, M1t9V. A108V. O206R. 
11 6D, R146G, Y263Hj N^2S, Ql 36B ot Bi^ailm amySolfquBfamns. Protease variants, 
rscombinant DMA encoding ffiistants at thesa positions and/or methods for making these 
modifkiations are descritsed In US patent Nos, RE 3«,60e; 5,972,^2; S,18S,2gS; 5,310,S76: 
6,316,941 ; S.SOl ^038; 5,972,682, 5,955^340 and 5,?SG,67S, expressly incorporated by refemr^se 
herein, , in addition, these modifications can aisoija made using dirsct gsofe transformation 
methods as dascfihed in Provisionai Application Ser. No. 60/423,087 pled Movsmber 1, 2002; 
Naeian^ Amin and Voiker Scheilenberger). in on® embodiment, the modtetions were 
psrfor^iSd lising fusion PGR techniques {Teplyai<ov, AV, et a!, PfOtein £na. . 1992 M 5(S):413- 

20). Provisionai Appiication Senai Humber , fiied concurrentiy this date (Chris 

Lesfiang, et al) 

These substitutions ai'e preferably made in SaalhJS iBntu!?. (rscorr^.bsnant or naiive- 
type) subtilisin altnougn the substsiutions may i'se n^do 3r>' B^C'kjs p^oiease. 

Based on the scfseoing results obtainea x-- ^ ^ , >- s^t pro:cases the noted 
mutations in Baalius amyioliquetsclens subtiiiSip ar.ci thci.' equivaient sn Bacsiius matus are 
Important to the proteoivlic activity, periorm.-5r«r.e ,5? -a-'or stability of these enzymes ar^d the 
ctea.nlng or wash peffofmance O" s v,--,r!.-;nt mzyfY^m. 

Many tiie protease va^u^i-sT^ r-*.* irvention are useiui in iormuiatirsg vanous 
detergerit compositions p«'so'v.r >-.;!;e ^o.-rs^^-atsons such as siia;T^pc-os or ioi*on?. A 
nyrnoe? of l<,noi.vr5 camoounds a':- v-.iit^-it-lc ssTactants u^efui in coificr-^sitions co?T?pn;^>iri9 iha 
protease mutants of the invention These include noniofJic, arjioruo, cationic, or ^witterionic 
detorgants, as disclosed in UB 4,404.128 to Barry J, Anderson and US 4,261 ,868 to Jiri 
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Fiora, et ai. A suitable detergent formulation is that described in Exampte 7 of US Patent 
5,204,015 (pfevioii&!y Incorporated by retefence). The srt is famsiiar wfth the different 
formuiatlons which car^ be ussc! as cleaning compositions, in addition to typicsi cleaning 
compositions, it is rsadiiy undsfstood that the protests vsriants of the pfssent invention 
may be used for any purpose that native or \wlid-type proteases ar« used, Tiius, these 
variants can be used, for exampie, in bar or liquid soap applications, dishcare formulations. 


B ensly rites \Ti pfotein production, etc. The variants of the 
vanced performan<^ In a detsrg&nt composition (as 
compared to the precursor); As used herein) enbsncsd perforniafioe in a detergent is 
dgfinsd as iftct^a&ing cteaning of certain eniayffls sensitive stains such as grass or blood, as 


s of the invention csn be fbrmalMed into i<nown powdered and Siqstid 
g pH between 6.S and 12,0 at levels of about 0.01 to about S% (preferably 
0,1% to O.S%) by weigbt. These d 


The addition of proteases of th® invention to c 
does not create any special use limitation. In other words, any temperature and pH suitabie 
for the detergent Is also siittabie for the present oonipositlons as ion§ as the pH Is within the 
emperature Is ^iow the described prc^^s«i*$ denaturing 
: In addition,; proteases of the Invention can be used in a cleaning dompbsitbn 
sin either alone or in 0 
The present In^eritlon efso relates to c 
its of the iftvehtion. The cteaning cdrhpositioris may additionally contain addlti^e^ 


d to, bleaches, surfactants, builders, ens^ymes and bieach catalysts. It would be 
readily apparent to one of ordinary skill In the art what additives are suitable for inciusion 
into the compositions. The !ist provided herein is by no means exhaustive and should be 
only taken as examples of suitable additives. It will also be readily apparent to one of 
ordinary skill in the art to oniy use those additives w! 

When present, the amount of additive present in the cleaning composition is from 
about 0 01% to about 99.9%, preferably about 1% to about 95%, more preferably about 1% 


-IS. 

mpm of amms! f^ed sddSivms as describeti in. im^xmn^S:, US §,S12,a5S; US 
m ys 5,147,642. 

0n6 Aspect of the inventidn !s a composition for me treaimeht of a tOKtife tliat 
includes variant proteases or^rse presgfii Invention, Ttie cdmpositjon can fe© used to trest 
for exampfe m or Wool as described in publlc^tofts $«ch as Kb 216,034; EP 134,26?; US 
4,533,35$; and EP 344,259. 

Th© foiloWsHQ ppgs^ntsd by way of ©xsnipte^ snd fs nottofc© cdnstriissJ as ® 
limitation «d th^ sc6pe df the claims, 

in their entir^. 


A iargig number of pmtease varisnts can prc«luc8d and purified using mg^ 
weii mm krm art. mmm^ can be Itiade in 8m$ij$ mmBf&cien$ ( W) s«btilisin 
or Bsiflfltis i&hiu$ ^^36 ^subtiiisin. The variants can !3a selected fnsfrs the following; 
6. 7, 23, 26, 34, 63, 60, 68, 70, 73, 65 - 85, 88, 90, 92. 93, tO^, 113. 125. 

138, 13§. 148-151. 176. 170, 179, 193, 196. 200, 201, 202, 207, 210, 220, 223, 229, 233, 
2§0.ma87and273 


A large nurtvbef* ©f the protease vanants produced In Exarhple 1 can be tested for 
perfdrrj5anjS6 lrt t^o types of detergeM and wssh co^dltibr^s y$irjg a rrsscfosiwetc^ Msay 
qescnDes m m srnproved fnetnoo ot psaysng tor a pretenBd ensiyme ana/or preferred 
ikmm compsition". uA Seria! No. M68.7M. 

The variam proteases ean be assayed and tested various detargsnts. For example, 
apQS»detWntcmbeO;6 

ySA), sn a solutidfi sontainini 3 grains per ^alJon mixed Oa2*/yg2* Haziness, a«d O; 3 p^^^ 
er^rrse used In each «?e!i it Another exemfrfafy detergent can be 3.36 g/i filtered 
Afief Futur (Pmdt^f & Gambia, Cinsinhati, OH, ySA)i in a solution «airiin§ 16 grains per 
gallon mixed QB^^im^* iiardhess, and 0.3 ppm en^me used in ©actt weii at 40»C, A 
nigner miatw v^iue comparea lo ine wija^typ^ oouiq maicata am improve q^tergeni 
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Tatjie 6 issts the vaisgrt pro*e<5sefe assaved from £"<3mpe l and re&uUs ot teslng 
sn four Oifferefi* detergents The h^mt, performance te$ts as n Fxamp!^ 2 wero done m th© 
noted vanar^t proteases wsth tie feSiowing detergents ho"^ coiu-nn A the detergent w^s 
0 6"^ gn ffStered Ar»ei UKra (Procter & Cambie, CiPCKwats OH US V (n a sdutson contasiisng 
3 gram*; per gaHsn m^xed Ca^'^'/Mg^* hardness and 0 3 ppm en^vme useci m e'^ch 
weil St 20'C For column 8, the detergent %as 3 3B g/l fiSt^fed Anei f-utur ^Procte^ & 
Gamble Cincinnati OH USA) m a solution containing 35 grams per gal<onmsxed 
Ca2*/Mg2* harine ^ and 0 ^ oom enzyme was used sn e^ct^ we'l at 40X For column C 
3 bqf\ H$P1 d« «r aer 0(.*tf ^ Gamblo Cin^nnat Oh i.BA) n a soiutfo f contasnsni? 6 
q ai p ! «J ! -i^ivcd C"^-' ^'Q^ "!i sLs*^ ?f~-ci*^pp!^ es svr e i sea n c^'h \.^elj 
r r for ^iir D i 1/1 T V Kl detp-gent 'Procter & Camb e C ns. r n^ti OH 
i ' >^^! i o L' Of J or tisu f K y i njs pe. gaSlor* mixed Ca^^/Mg^* hatdness and 0 ^ ppm 
enzvme was used in each weN at zO'G- 

t::xan)pie 4 

Kncwr sf *^ !r d't A nu rit cn^ .v«„ ^- rr iP ) ff ! s l^v ^iMsi-^n ii ^ -3 Ms 
are Shown inlawe 1. 

"^occsst'u the GC-'"6*^t€'<^a smtco es and site spt-ofic v^n'^ t<^ thur 
PCR fe^ tso 1^ ^srffr pe \f re t\ o >-CR s to i -stroduce the mutated cooc n >\ 
interest in GG36 and a fusior PCR to construct the expression vector sncsuc^ ng *he 
desired mutaijonts). 

Th« G036 codopts of interest are numbered according the BPN' numfosrmg 
(iisted sr5 Figunes 1 A™ C and 3A-8)- 

rpf the Site s^atoate d hbrm con«Sit» action 

' "i^^ method o n ut tqene^fe was based on r^q s^r bpe^ s s rnt 3 k n 
■ipo ^ ■3^'' I'rp vskc" 1992^ iH vijhich th-^ c e'^ c !. t al pi. Si>*Dk ? ut?^ti at a 

'n e n o oc * jNA ^ r .-i - u v\ ? <-ino ev*;i <cfd 

or b)} tnat correspond wilt^ the sequence of the codon to be fT^utaied ano 
0uaiantc»os randomiv sncorporation of nycit»otide$ at that codor^ 
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far the sj ta specifi c ygri anlc^nst ructiCfv- 

Thp ioma^d and revesse muL^ le'^sc p ■? er enclose the desrcd rnutaticr(s) sn 
the 1 <Jdle of th. pn „ ^ ^ i~ s ^ - -n- s -s --s ^ ^ <. ^<y^j5 ^ t. > ^ 'jth >J<^<- 
Th<^$e jtatirr(s^, ws^rn < cjn n e o(jU^>n of ^r'ne^t are $oe> '>k, ■*or the ae^jsred 
amino acid and am synthesK«d by <3esjgii. 

The ^KX'j-^d pwm s t^ct u<^ed so con^^iruct thf* ijbraf'f=>s a'xl variants contains 
the pVSOB Ap&l digestion sste togethei with its f SaoKing nucieotido seqoerjcc 

^j>al primers; 

Fbwarcii/iiS®/ primer; 

GTGTGTGGGCCGATCAaTCTGACqACG 
Reverse Apa/ primer: 

GTGTGTSGCSCCCTAtTCGQATATTGAe 

The snifoduction of the niutat}on(s) in GG36 moiecufes was performed using 
Snvitrogen (Carlsbad, CA, USA) Platinum'^' Taf? DNA Foiymerase High Fidelity (Cat. 
n<3. 11304-102) togetner with pVSOS template DNA and Forward mutagenic primer 
and Reverse Apai primer for reaction 1, or Reverse rr^iitagenie primer and fommd 
primer for reaction 2 . 

The construction of the expressiof^ vector including the desired niytation(s) 
wss accompfehed fey a fusion PCR using PCR fragment of both reaction 1 and 2. 
fon/vfard and reverse Apa\ primer and Invltrogen Platinum® Tag DNA Polymerase 
High Fidelity (Cat. no. 11304-102), 

AN PCR were executed accofd^ng to snvstfogen protocol supplied wltti the 
polyn-erases, except tor the number of cycles. 20 instead of 30, Two separate PCR 
reactions are performed using Invltrogen Platinum® Taq DNA Polymerase High 
Fidelity (Cat no, 11304-102); 
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The amplifted iimar S.6 Kb fragment was puofsed {using Qiagen^ Qiaquick 
PGR purifjcatfon kit Cat. no. 28106) and digested with Apai restriction enzyme to 
create cohesive ends on botii sides of t?e fusson fragment; 

■ 35 Ml purified DNA fragment 

5 -■ 4 uL Reacf^ 4 buffer (invitrogen ■ 20 av^l Jr-s-HO. 5 MgCb. 50 rnM KGi, pH 
7.4) 

■ 1 ixlApa\. lOunltsmii{invltrogen®Cat no. 15440-019) 
Reaction conditions; 1 hmt> 30X. 

18 An addfSona! digestion with Invitrogen wss peffofmed to removi® th© 

pVSOS temfjlaM DNA; 

- 40 ul Apal digested DNA fragment 

- 1 ML Bpai,4 unltfe/pL (Invitrogen® Gat no. 15242-019) 
Reaction oonditjons: 16^20 hours, ST'C. 

t5 

LigslSon of th© doubte digested c^nd punhed iVagmeni resuite in new circular DNA 
containing the desired mutation with was directly transformed to competent BBdHus Biibtiim : 

- 30 pL of purifsed Aps\ and Dp.^i digested DMA fragment 

- S ML T4 DNA Ugase buffer (Invitrogen^ Cai no, 46300-018) 

j« - 1 Ml T4 DNA Lsgase, 1 unit/Ml (iovitrogen®' Cat no. 15224-017) 
Reaetion conditions; 16~20 hours, 16^C„ 

Ugatlon mixtures wer« transformed to Sacte suM^^ (Nafsi et &L, 1998) 

using the method of Anainostopduios and Splzizen (1961) and selected for 
ohiorafBph^niCQi resi^tano^ and protesse activity. 

mmo^ for pmtelrs f*rdd«eiito 

Inocuiated pL of giyceroi euitum in i^ops media (Frecterick O, Meidhar^t ^tM, 
M m^ mmm^m^ mm m^ m Maitodexinne, 10.$ and 17 5: g/i) a nitrogen 
source (Urea, and essentiaMutdehts siich as phosphate (0 5 g/i | and sulphate (O.S 

g/i I ar^d fyrtt^er suppiemented with trace elements f% m, Zn, Cu.€o. 1-4 mg/ml|. the 
madlum was buffered wth a MOFS/Tfisine mixture resulting in a pH varying 7 to S. Ihcybate 
the euiture for 1-5 ds^ at 3T''C/220 r^ (infofS HI* i«yltitf»n 


funmtial andsttuetutalcmMquBmes ^fifiuMkm at m S4 mmaie mdif^ pocket 
Teplyakov AV, van der Laan M, Ummer$ AA, Keldei^ H. mk KM, Misset 0. Muftensrs U, 
DiJk^raBW. 

Protein 6ng, 1992 Jul;S(5};413-20. 

NaKlC; Paech, 0. GahsNaW. V. ScrieJienbergsf: AppI l^ldfofoW Bloieeiinol {1988) 49:290- 


Reqwmmeriis for tmmformatim (fi ^milas subtilm by Anagnostopouloa, C, m4 Spmz&n, J. 
m J. B^cM. 81, mi ~MS (1961), 

Culture Medium for Enienybactem by Frederick C, Nesdhardt, Phiiip I, SIdch ansJ Pavssi F. 
Smith in Journal of Bacteriology, Sepi 1874, p736-?4? Vol. 119. No. 3. 
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ExampSe 5 

A lafgs number of the protea&e variants producs.-s ip Ex;:;r pl<=- were tested for 
performance in ^A<o types of detergent and ■■>'va$n condsijoas ussno a friicrDSwatcn assay 
described tn 'An improved method of assaying for a preferred enzyme and/or preferred 
detergent composition ", U S Serial No, Gt5/£5^1992 [WO 99/3401 1] 

Taoie 2 iists, the variant proteases a&sayed and tiie results of te&ifng in h^fO different 
detergents For ooiunin 8, the detergent was 7 6 g/i fsUered Ariel Regijiar (Procter & 
Gsrnbie, Csncinf^ais. OH, USA), in a solution oontasr^sng IS grains per gallon mixed 
Ca2~^/Mg2-*- nardness. and 0 5 Dpi"*^ enxyme was used sn sach wei' at 40*C [European 
conditsonsj. For coKirrsns A, the detergent was 0.6? g/i filtered Tide Opai (Procter S 
Gamble, Cincinnati, OH, USA), in a solutjon containing 3 Qtmns per gaiSon rr^ixed 
Ga^+ZMg^* hardness, and 0.5 ppm ers;yme was used in each well at 2G*C f Japanese 
conditional, A performance index was c^icufated by the following formuia ; 

Cfeaning performance of the variant divided by cleaning performance «f GG36 {wiid- 

lyps) 

Four perfomiarsce values were averaged to arrive at the values shown in Table 2, 
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'GG *s *he Wilo type protease of Bactllus i^nam (SfQ SD NO 4! 


As a result of the abov6 dsscribsd asssys, sostj^ vsfisols sxhibH^^i s p©ffor?"nanc0 
sndex greater than that of the GG36 wfici type proteass. example, the vanants L31 A, 
L82R, V203R, 1233G, <32S8R, ancf A270L exhibited performance Indtces of 1,4. 

s 1 .2, 1 .6. 12, 1 ,6, 1 .2, and 1 ,3 respectively {Column 8), in a microswatch assay <VVO 
99/34011) urKSer European conditions (IS grains per gallon mixed Ca^Vlvlg^' hardness, 40 
degrees Centigrade, 0,S ppm). For example, the variants I1460-F24S, P201S~L§0F, 
L267R-S99G. P20lS«T6rA, A231V--Q2Q6R, l2e7R-N252S, and A270V~Q136R exhibited 
performance indices of 1.2, 1,2, 1.2, 1,1, 1.3> 1.2, and 14 respectively (Column 8), in a 

« microswatch assay (WO 99/3401 1) under Europaan conditions (1 S grains per gallon mixed 
Ca^v'Mg^* hardness, 40 degrees Centigrade, 0,5 ppm). The variants LZn L31V, A8SG, 
A92E, L148G, V149W, A1§1V, P201C and V203E exhibited performance indices of 1.3. 
1,4, 15, 12, 16, 15. 14. 1,3, 13, and 16 respectiyaly (Coiumn A), in the Micro&watch @e 
microtiter well plate (WO 09/34011) assay under Japanese conditions (3 grains pergailon 

ts mixed Ca'-*/Mg^' hardness 20 degrees centigrade, O.S ppm). The variants N204O-L90V, 
A174S-A172T-G52ev A174G-.N204D, A200S-N204D,Rl45G.G2S4S^xhibitad performanGe 
indices oil ,4. 11 12, 12 and 11 respectively (Coiumn A), in the yicroswatch 96 microliter 
well plate (WO 90/3401 1) assay under Japanese conditions (3 grains per galion mixed 
Ca^Vi^g^* hardness 20 degrees centigrade. 0,5 ppm). 



f Of the protease variants produded in Exampfe 1 v 
s of detergent and wash cdnditidns using a mlcfosv 
jl of assaying for a preferred enxynie ar^c 
■. U.S. Senar No. 09/554,992 {WO 98/340 11}. 

ses essayed and the results of testing in three 
ri A, the detergent was 7.66 g/i filtered Ariel Regular 
(Procter ^ Gamble, Cincinnati, OH, USA), in a solution containing IS grains per galfcn 
mixed Ca^^/ii^gS* hardness, and 0,3 ppm enzyme was used in each well at 40*C. For 
column S. the detergent was 4.7 g/| filtered Ariei Futur (Procter & Gamble, Cincinnati, OH, 
USA), in a solution c&ntaining 15 grains per gallon mixed Ca2->'/yg2+ hardness, and 0.3 
ppm enzyme was used in each weii at 40''C. For column C, the detergent was 1 .00 g/l 
filtered Tide Opal {Procter & Gamble, Cincinnati. OH, USA), in a solution containing 6 grains 
per gallon r?v;xed O^^'^Mg^* hardness, and 0,5 ppm enzyn-s vva& usc^d m each ^'$11 at 
20'C For column D, the detergent was 0.66 §/l fik«red Tide Opal (Procter a Garr^ble, 


C.nnmat*, OH USA) in a solution cortasning 3 gmm per gm^on mixed Ca^^/Mg*^"* 
hardness and 1 0 ppm enzyme wss ussid sn €'®c>i we!5 at 20*C [Japanese condstiors' 


Table 3 






Ariei 
Regular 

Ariel 
Futur 

NA 

Japa 

OG36 




100 

1.00 

1.00 

100 

A1E 




0,51 

0.51 

1.15 

1 91~ 

AID 




0.76 

0.68 

1 04 

1.5 

A1R 




1.51 

1 47 

0,26 

o.i; 

A1K 



■ y.i 

1 28 

,43 

0 45 

G470 




0.16 

0.04 

0,85 

2.45 

G61E 




0.68 

0.59 

1 30 

2.62 

G61K 




1.08 

1 16 

0.58 

0 27" 

061 R 




1.72 

1.53 

0 25 0 09 

T66E 




0,43 

0.02 

0 69 \ 3.66 

T65D 




0 01 

0 01 

1 15 : 2 70 

P86E 




1 28 
0,08 

0.75 
" 1.26 

1 01 

1 25 
■0,"82" 

S105R 




1 57 

1 11 

0 18 

0 16 

S105E 




0 17 

0.26 

1.63 

3 33 

S105D 




0.36 

0.29 

157 


V203O" 




0,54 
'~~0r34"" 

0 55 
0.71 

105 
"157" 

2 03 





0.40 

0.72 

1 62 

2.95 

V2QZR 




14 

0,89 

0 12 

0.29 

S216R 




175 


0,15 

0,13 

S216E 




0.49 

0.70 

1.43 

3.D5 

S216D 




0.48 

0.17 

111 

2.20 





0.65 

0 48 

0.96 

" ?3 

T253E 




0 81 

0,67 

1.09 

1,3 

"r253K 




1.34 

119 

.74 

.5 

T2S3R 




16 

1? 

0.66 

0.48 


G25BE 




0.69 

0 83 

1 21 

1.85 

G258D 




0-94 

0,82 

1,12 

1.96 





1.9 

1.4 


0 55 

G258K 




1,54 

US 

0,50 

0.47 


As snown m i aDie j aoove, ssverai v^nants oispiayecs incfs3S«u wasn penoniiSncs? 
under "Japanese conditions" as compared to the GG36 wfld-iype; some variants displayed 
increased wash performance under "European conditions" [Ariel and Futur] as compared to 
Trte u«j,30 wiiQ^^ifpe, sev^fBf vaiianis OiSpiayecj mcreaseo wasn pgfiormanc© unoer JMOrtn 
ArTiencars" oonditlons. Sev^rgl vanaFsts dIspSsyed increasisd wash f^fforrnancs undsr iTiors 
than one wssh condition, 6,g., North Arsiencan and Japanese conditions, 

Thermisi! stability of protease variarjts in European detergent soiutiori was examined. 

i^ateriais ; 

iEMS incubator (lab systems) 
Microtiter plate Reader 
ASYS Muitispenee 
Beckman Bioni^k FX robot 

Ariel Fiitur detergent Cba^ch'97) 
N-SucGiny}-Aia-Afe~Pro~Phe p NftroAnilide<AAPFK Sigma 
Twaen SOj Ssgiiia P«74 


Enzyme sampies where dliuled to about 6,0 ppm (protein) startir^g concentration in 
10 my NaCl/O.00S% Twaen 80®). A 10 of diiuted enzyme soiution was trar^sfefred into 
190 of unfiitsred 3,4 g/L Arse! Futur (Procter Gamtsle, Cinncinaii, Ohio, USA) with IS 
grains par gaiion water hanSness, The pH was adjusted to 8.e, 


Samples were assayed using standard s«ccinyi.aia~a!a^n>pSie.p8ra-nitiro amiide 
f SAAPFpNA") assay ^Peimar, E G. et al Artai. Biochem. m (1979) 316-320; Aoit 
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Arch, Bioch&m Bispt^ys 207-.44S-54 (1981)) (pH 8-6. ambient temperature) prsoris 
incubation. For the assay, 10 ui of the sample solution and 200 uf of Img/ml SAAPFpNA 
substrate in lOOmMTris pH 8,6 (and 0-005% Tween~80J. Afsar standing at room 
temperature for thirty minutes aftsf mixing, the absostance at 405 nm iODm) was 

s dsfent^insd. Th@ samptes war© then InoubatecS at 55 C for 20 misiutaa and tine absortesr^ca 
at 405 nm (00,0*) was determined. The remaining activity was caiculated by dividing the 
OD4i5s before incubation wsth the 00^ after incubation. Coiumn A depicts the residuai 
activity of the variant dividad by the residua! activity of the wsid-type GG38. For darification. 
the mutants were made In GG36, e.g., G7N means the glycine at position ? was substituted 

IS Willi an asparagines. The results are: depicted in Tatji® 4. 
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As a msu!t oHh6 thsrmostabliity studies , the variants set forth in Tabte 4 were 
found to exhibit thermostabiiity under th© above test conditions as compared to the wsid-type 

Although the; present iovontion has boen disousssd and sxempSfied in cssirieotiof? 
with vsnous spec^ic esT^bosJifvients thereofs this ts not to fee eonstfued as a ilmitation to th^s 
appliesijiisty and scope of the <fiscSosur@, which e;dends to ai! combinations and 
subcombinations of features mentioned and desaibed in the foregoing as vsreil as the 


»38« 

1 A^r0i©ase variant #mpFfe:m^ an amfoo aad sequence having a 
sybstitytbrt at dne or more fesldos bosSfor^s ecjuivatent to mskloe Dosltions s^felfed 

mmmm^(m$mg07, 23. 26, 20,^9. so, 31. 47, m,m b2, m §0. 

92, 93, 105,113. 139, 148, 149, 150, 1 SI , 178, 200, 201, 231, 233. 26? anci 273 # 
Bacifim Bmylommf0ckns mbmm as set forth in SEQ !D No. 2. 

2. The protease variant of cSaim 1, wherein said variant inckides at least one 
improved property seiecled lr©m a) wash performance and b) stability as compared 
t6SEQiDNo,2. 

Th^ protaase varlsril of ctairft 1 , wheFsIn said variant has imprdvad 
mmm> Wnerein md stability is improved thermostaisiiity, 

4. The protease variant of oiaim 3, wherein said variant comprises a 
substitution at a posHion eciuival&nt to 7, 23. 26. 28, 29, 30, 31 , 73, 85, 88, 90, 93, 
139, 148, 149. ISO. 178. 231. 233, 267 and 273, 

5 The protease varsant of clasm 4 wherein sad substit!jt;on ;s selected from 
the group consisting of posifions 7N, 23A> 26S. 26T.2aC. 28G, 28S. 281, 29G, 30A, 
31A 311 3ri\31V CbU odD ti&E ?3G /3T. 82R, 6^0, 86G, 853, $51, SSV 
85Y. 88sS, SOA, 901, 90;V1 92E 92R, 93A 93G. 93S. 931, 1D5D, 105& 105G lOt-R 
113r\ 139A, Um 149A 149F, i49G, 149H, 149S. ?49VV 150A, 150C, 150F, 
1501, 151V, 178S. 178C, 1761, 201C, 231G. 231S, 233G, 233V. 26?R. 2671, 273S 
of eac/fe amyiQliqamciehs subtifefh, 

6 The protease variant of ciaiiti 1 , wi^rein said variant has improved wash 
performance at about 20 degrees centigrade, at a concentration of 0,5 to 1 ,0 ppm 
professe a^nd at water hardness conditions of afoout 3 grains p«r gaflon mixed 


7. Th0 jsr^otdas^ variant iDf clalni 6, whefBlri said vanar^t cp 
substitution of st least one msldya eqtJivalsn^ 31, 47, S$, 90, 92, 113, 148, 
149, 151/174, 200 and 301 of BaeM/s a??^^^ 

8. Tiie protoasa variam of claim 7.^\^^ is sei«d 
fern tte gmup eon&istlns of 311. 31V, 47S, 47D, S5G, Sav;S2E, 105D, lOf E, 113Q, 
148W, 151V, 174G, 174a200Saficl201C. 

U The pf'iease van<3nl ot cL^ " s^v^i** *^sn sa>d vj>'- a' t ras np-cved 
Der*orniance abcir 41^ aeqrees cen a i at o p >. tc -^v^ c )iCf-'^nt?(^* tn of 
0 3-0 5 ppm protoasa and at water hardness condstsois or aoowl 5 g-a ns pes 
§a!l6n miscad Ga^- /Jyfg^' hardness. 

10. Tfie protease variant of ciaim 9. wherein said Variaht cp^pris^s a 
substitution at one or more positions equivalent to 31, 60, 82, 146, 201, 203, 231 . 
233, 258, 26? and 270 of BadiiuB amyiQliqu&fachm mmimn. . 

11. The protease variant of ciaim 1 0, wherein said substitution at one or 

more positions comprises at least one substitution at one or more positions 
equivaieni to 31, 69, 82, 14B. 201. 231, 233 and 267 of Baalilus amylQliqu&fBd&ns 
subtsiisin is seiecied from the group of 31L 31V, 69G, 82R, 148G. aOIS. 231V, 
233G and 267R. 

12. The protease variant of ciaim 1 , v^^hei■ein said variant has improved 
WBBh perfomtafice at about 10 degrees to about 30 degrees centigfade, at a 
concentration of 1.0 ppm protease and at water iiardness conditions of about 6 
grains per gallon miicad Ca^'"/Mg^'' hardness; 


13, The protease variant of ciain^ 12, wherein said variant comprises a 
substitution St one or more positions equivatent to 61 . 66, 105, 203 and 258 of 
Bacilius amyloHquefadensmmmn. . 


14. Th0 pfGt0as8 vaHsnt of olalm 1 B, wh^t^in said sub^tltytio^i at on© or 
wiofB positions cdiiipns^s at ie^st ons siubstitulsGn at one or fnorfe positions 
equivalent t© $1, 66, 10S;203, 216 and 358 of B8aiMm mym(^Si&m0m mmm 

Is mm im m mm or 6i e. ». mm, iose, 2», mm. ^m m mE. 

15. A Dm mmm a protease variant of elalm 1 

1 6. An ©xp resslon vsictor encoding the DMA of (jlaim 15 

17. A host GQsil transfofrnsd with ths sixpf ©ssion vector of <ilB\tti 1 6. 


18- A Ciiesining cortipdsiion coiriiprlslng th6 protease vansnt of elairn 1. 
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